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ABSTRACT: Mahanarva fimbriolata (Stål) (Hemiptera: Cercopidae) has become a key pest in the
sugarcane (Saccharum officinarum) fields of center-south Brazil. Although some control technologies
have shown to be efficient, the damage promoted by this spittlebug species and its interaction with
sugarcane are poorly characterized. At high infestation levels the symptoms are similar to those of
severe water restriction. This work was conducted to determine whether the stress promoted by spittlebug
infestation can be measured in terms of free proline accumulation. The water restriction tolerance of two
sugarcane genotypes was also compared. Two experiments were set up in a greenhouse and arranged in
a completely randomized design in a 2 × 2 × 4 factorial, with two cultivars (SP80-1816 and RB72454), two
stress levels (control and ten nymphs per plant or 50% water restriction), and four sampling dates. The
water deficit caused by spittlebug nymphs sucking xylem sap does not result in proline accumulation,
illustrating that there are different mechanisms to sense when the water deficit is caused by insect
feeding or water potential variation in root cells. The cultivar RB72454 accumulates more free-proline,
and the dry mass accumulation and stalk growth are less affected in this cultivar under water restriction.
The levels of compatible solutes probably cannot be used to measure spittlebug infestation stress in
sugarcane and RB72454 is more tolerant to water shortage than SP80-1816.
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ACÚMULO DE PROLINA EM CANA-DE-AÇÚCAR SOB
ESTRESSE HÍDRICO OU SUBMETIDA AO ATAQUE
DE CIGARRINHA-DAS-RAÍZES
RESUMO: A cigarrinha-das-raízes Mahanarva fimbriolata (Stål) (Hemiptera: Cercopidae) tornou-se
uma praga importante da cultura da cana-de-açúcar na região centro-sul do Brasil. Estratégias de
controle têm sido desenvolvidas, mas os danos promovidos por essa praga e sua interação com a
cana-de-açúcar ainda são pouco caracterizados. Em altos níveis de infestação da praga, os sintomas
nas plantas são muito semelhantes à restrição hídrica severa. Este trabalho foi conduzido com o
objetivo de determinar se o estresse promovido pela infestação de ninfas de cigarrinha-das-raízes
resulta em acúmulo de prolina livre, além de comparar dois genótipos de cana-de-açúcar quanto à
tolerância ao déficit hídrico. Dois experimentos foram conduzidos em delineamento inteiramente
casualizado, em esquema fatorial 2 × 2 × 4 com duas cultivares (SP80-1816 e RB72454), dois níveis de
estresse (controle e dez ninfas por planta ou 50% de restrição hídrica) e quatro épocas. O déficit
hídrico promovido por M. fimbriolata não resultou em acúmulo de prolina, ilustrando a existência de
mecanismos distintos para a percepção do estresse hídrico promovido pela praga e pela variação no
potencial osmótico nas células das raízes. A cultivar RB72454 acumula maiores teores de prolina livre,
e o acúmulo de massa seca e o crescimento dos colmos são menos afetados nessa cultivar sob
restrição hídrica. Os teores de solutos compatíveis provavelmente não podem ser utilizados para
quantificar o estresse promovido por M. fimbriolata em cana-de-açúcar. A cultivar RB72454 é mais
tolerante ao déficit hídrico do que a cultivar SP80-1816.
Palavras-chave: Mahanarva fimbriolata, Saccharum spp., acúmulo de prolina, déficit hídrico
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INTRODUCTION
Harvesting sugarcane with no trash burning
has increased year after year in Brazil. The so-called
‘green cane’ is usually harvested mechanically, leav-
ing a trash layer on soil surface that favors the infes-
tation of some pest and weed species and drastically
reduces the occurrence of others, such as photoblastic
weed species, for instance.
The spittlebug Mahanarva fimbriolata (Stål)
(Hemiptera: Cercopidae) is an example of a pest
that has gained more importance with green cane  har-
vesting. Adult females lay their eggs under the trash
cover, next to the stalks. When nymphs hatch from
eggs, the organic matter layer protects them against
drought and sun light exposure (Fewkes, 1969).
Nymphs feed mostly on the xylem of young, tender
roots (Mendonça & Mendonça, 2005). Because xylem
sap is very poor in amino acids and energy, very large
amounts are sucked to provide enough nutrients to
these fast-growing insects (Fewkes, 1969).
Dinardo-Miranda (2004); Silva et al. (2005);
Garcia et al. (2006) agree that most damage is caused
by nymphs rather than leaf-sucking adults. Nymphs
are responsible for literally drying stalks and making
them hollow, as observed in plants under severe wa-
ter restriction.
When plants are subjected to water restriction,
an increase in the concentration of compatible solutes
prevents the loss of water by decreasing the osmotic
potential and therefore keeping the water potential at
optimal levels. Proline, glycine betaine, sugars and
sugar alcohols are examples of compatible solutes in-
volved in osmotic adjustment, providing drought tol-
erance and guaranteeing plasma membrane integrity
without disrupting the  protein function (Bray, 1993,
1997; Taiz & Zeiger, 2004).
Because the symptoms of M. fimbriolata infes-
tation and water deficit are similar, it is possible that
compatible solutes are accumulated in sugarcane under
spittlebug attack. If so, measuring the concentration of
such compounds would give an idea of the stress level
that would be useful in M. fimbriolata resistance stud-
ies. The combination of water stress and spittlebug in-
festation on increasing proline concentration would not
be a major concern, because these stresses occur mostly
during the winter and late spring/summer, respectively.
This study was undertaken to determine if
there is a correlation between M. fimbriolata infesta-
tion and the accumulation of free proline in sugarcane,
and if the level of this amino acid can be used in re-
sistance studies to determine spittlebug tolerance. The
drought response of two sugarcane genotypes was also
compared in terms of free proline accumulation.
MATERIAL AND METHODS
No-choice spittlebug and water restriction ex-
periments were carried out in a greenhouse in
Jaboticabal, State of São Paulo, Brazil (21°14' S;
48°17' W) under controlled temperature and humidity
(22 to 33ºC; RH = 50 to 60%). One-bud seed pieces
of the cultivars SP80-1816 (spittlebug-susceptible,
Silva et al., 2005; Dinardo-Miranda, 2004) and
RB72454 (‘less infested’ by spittlebugs, Dinardo-
Miranda, 2004; Dinardo-Miranda et al., 1999) were
planted in 64-cell Styrofoam trays (5 × 10 cm) con-
taining a vermiculite-based substrate.
The water restriction experiment was con-
ducted to verify how spittlebug infestation is corre-
lated to dry soil conditions. Twenty-seven days after
planting (DAP), plantlets were transplanted to 15-liter
plastic pots (one plantlet per pot) containing fertilized,
medium textured soil. Pots were watered daily to field
capacity and later to water stress treatments.
The spittlebug experiment was  arranged in
completely randomized design, in a 2 × 2 × 4 facto-
rial with two sugarcane genotypes, two infestation lev-
els (control and ten nymphs), and four sampling dates
(8, 17, 39 and 68 days after inoculation - DAI). The
same design was used in the water restriction experi-
ment, and factors represented the two sugarcane geno-
types, two water restriction levels (control and 50%
water availability) and four sampling dates (five days
before water restriction and 21, 48 and 91 days af-
ter). Four replications were used in both experiments.
Data were subjected to an ANOVA and means were
compared by the Tukey test at 5% of probability.
Spittlebug rearing and infestation
To maintain soil humidity and stabilize the tem-
perature for future infestation of spittlebug nymphs,
pots were covered with 65 g of ground and sun-dried
tops and leaves, simulating sugarcane trash (70-80%
of dry mass, corresponding to 9 tons ha–1), 17 days
before inoculation. Spittlebug nymphs were reared as
described by Garcia et al. (2006), to perform an in-
festation with 21-day-old nymphs at 94 DAP using a
soft brush, at rates of 0 (control) and 10 nymphs per
plant. Spittlebug foam was transferred abundantly with
nymphs to guarantee survival after infestation. Cov-
ering pots with a 100-mesh nylon net right after in-
oculation isolated the effect of leaf-sucking adults and
avoided nymph migration (no-choice test). Pots were
monitored daily and all adults found were immediately
killed. The presence of adults was avoided not to have
new ovipositions that would result in undesired varia-
tion. Also, according to Dinardo-Miranda (2004) most
of the damage is caused by nymph feeding.
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Water restriction
Plants were watered daily to field capacity until
94 DAP to allow adequate initial growth. An atmom-
eter was used to estimate to amount of evapotranspi-
ration and 50% water restriction was applied by wa-
tering half of the evapotranspiration of the previous day
(Broner & Law, 1991).
Free proline quantification
Sugarcane leaves (+1, Küijper system) were
collected 8, 17, 39 and 68 days after spittlebug inocu-
lation (DAI) and five days before water restriction, and
21, 48 and 91 days after.  Leaves were ground in liq-
uid nitrogen to enhance proline extraction. The levels
of free proline were measured as described by Bates
et al. (1973). Results were expressed in ìmols of pro-
line per gram of leaf fresh mass, as follows: [(μg pro-
line mL–1 × 4 mL**)/115.5 μg μmol–1]/[(g sample)/5]
**toluene volume.
Dry mass, stalk height and diameter analyses
The dry mass accumulation, stalk height and
diameter were measured to determine if the stress treat-
ments were effective in slowing sugarcane develop-
ment. Stalk height was measured from the soil to the
first visible auricle with the help of a ruler, while di-
ameter was determined with an external micrometer
at the middle portion of the stalk. At the end, plants
were dissected into leaves, stems and roots, and dried
in a forced-air oven at 70°C to constant mass. Dry
mass was determined in a milligram electronic balance.
To remove soil particles, roots were washed in water
flow and dried with paper towel. After weighing,
samples were placed in paper bags.
RESULTS AND DISCUSSION
The dry mass of stalks, leaves and roots was
affected (p ≤ 0.01) by spittlebug nymph feeding on
varieties SP80-1816 and RB72454.  Nymph mortality
was lower than 20% and no difference was observed
between cultivars, indicating that both are susceptible
to M. fimbriolata (Guimarães et al., 2007). Spittlebug
infestation did not result in free proline accumulation
in sugarcane leaf tissues and no difference was de-
tected between cultivars or sampling dates in the
spittlebug experiment (Figure 1, Figure 2A).
Streck (2004) discussed the mechanisms by
which plants sense drought and showed that the stron-
gest candidates are hydraulic signals in shoots and mo-
lecular signaling from roots, but there is still much con-
tradiction and details of water shortage sensing mecha-
nisms remain unclear. The fact that the ‘drought symp-
tom’ caused by xylem-sucking spittlebug nymphs does
not result in proline accumulation shows that there are
different mechanisms to sense when the water deficit
is caused by insect feeding or water potential varia-
tion in root cells. Spittlebug nymph feeding is respon-
sible for water shortage in leaves and results in hy-
draulic signals that stimulate stomatal closure. So it is
likely that hydraulic signals themselves are not respon-
sible for compatible solute accumulation. On the other
hand, the free proline accumulation in plants subjected
to water restriction (Figure 2A) illustrates that the
chemical signals from roots are involved in osmotic
adjustment.
At an ideal water status the xylem sap pH is
lower while at water shortage it is higher. When the
sap is more basic, the abscisic acid (ABA) becomes
deprotonated and does not pass the membrane of me-
sophyll cells, so it is accumulated in guard cells, in-
ducing stomatal closure (Taiz & Zeiger, 2004). Since
both spittlebug infestation and drying soil are expected
to promote stomatal closure, our results indicate that
the molecular signaling from roots plays an important
role in distinguishing when the water deficit is caused
by drying soil or sap-sucking insects (Figure 2A).
The sugarcane cultivar RB72454 accumulates
more free-proline (Figure 2), and the dry mass accu-
mulation, stalk height and diameter are less affected
by water restriction for this cultivar (Figures 3 and 4).
These results are an indication that this cultivar is more
tolerant to drought conditions than SP80-1816.
Figure 1 - Levels of free proline in the spittlebug experiment. Different letters indicate difference at 5% (Tukey test). A – Effect of
infestation; B - Effect of sugarcane cultivars.
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Figure 3 - Dry mass accumulation, stalk height and diameter in the water restriction experiment. Capital letters compare means within
treatments and lower-case letters compare means between treatments. WR = Water restriction.
Figure 2 - Levels of free proline (water restriction experiment). A - Comparison of spittlebug infestation and water restriction over the
sampling dates; B - Effect of sugarcane cultivars; C - Cultivars over time; D - Effect of water restriction over time. Capital
letters compare means within treatments and lower-case letters compare means between treatments.
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Figure 4 - Comparison of sugarcane cultivars over time (water
restriction experiment). DBT - Days before water
restriction treatment; DAT - Days after water
restriction treatment. Capital letters compare means
within treatments and lower-case letters compare
means between treatments.
One of the most studied plant responses to
water deficit is the accumulation of free-proline, and
many reports show a strong correlation between pro-
line accumulation and drought tolerance increase, e.g.
Nepomuceno et al., 2001 and Marin et al., 2006. Many
other roles that indirectly help plants tolerate water
shortage have been suggested for proline accumula-
tion, like stabilizing sub-cellular structures, free-radi-
cal scavenging, energy storage and stress molecular
signaling (Bartels & Sunkar, 2005).
Proline is synthesized from glutamate and
pyrroline-5-carboxylate (P5C) through successive re-
ductions catalyzed by pyrroline-5-carboxylate synthase
(P5CS) and pyrroline-5-carboxylate reductase (P5CR).
It can also be produced from ornithine by ornithine
d-aminotransferase (OAT). Proline accumulation also
depends on its catabolism by proline dehydrogenase
(ProDH), and P5C dehydrogenase (P5CDH) (Hare et
al., 1999). Under water restriction, proline seems to
be synthesized mostly from the glutamate pathway
(Bartels & Sunkar, 2005).
The expression of reductase (P5CR) is regu-
lated by osmotic potential variation in the cytoplasm
(Williamson & Slocum, 1992). An osmotic potential
decrease induces the P5C biosynthesis, which results
in proline synthesis. The accumulation of free proline
in plant cells subjected to water restriction has been
attributed to an osmotic adjustment mechanism
(Delauney & Verma, 1993).
Both spittlebug infestation and water restric-
tion reduced dry mass accumulation and stalk growth,
and the general appearance of plants subjected to these
stresses were quite similar. However, the accumula-
tion of free-proline was not affected by spittlebug in-
festation, probably because an osmotic potential varia-
tion is necessary for P5C biosynthesis. Spittlebug
nymphs feed directly on xylem (and partly phloem) sap
(Fewkes, 1969; Mendonça & Mendonça, 2005), which
is not expected to cause any osmotic potential alter-
ation in root cells. Although compatible solutes act syn-
ergistically in promoting osmotic stress tolerance, free
proline is one of the most effective and quickly accu-
mulated substance. Therefore, it is likely that other
compatible solutes cannot be used to measure the stress
caused by M. fimbriolata.
The water deficit caused by xylem-sucking
spittlebug nymphs does not result in proline accumu-
lation, illustrating there are different mechanisms to
sense when the water deficit is caused by insect feeding
and water potential variation in root cells. This is an
indication that the level of compatible solutes probably
cannot be used to measure the stress caused by M.
fimbriolata. Both spittlebug infestation and water re-
striction reduce dry mass accumulation and stalk
growth, causing similar symptoms.
The cultivar RB72454 accumulates more free-
proline and its growth is less affected by water restric-
tion than SP80-1816, which suggests that the former
is more tolerant to water restriction.
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